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Edited by Judit Ova´diAbstract Yeast genes involved in thiamin pyrophosphate (TPP)
synthesis are transcriptionally induced in response to thiamin
starvation. In this system, three proteins (Thi2p, Thi3p, and
Pdc2p) act as positive regulatory factors. Thi3p is a TPP-bind-
ing protein and upregulates THI genes expression when TPP is
not bound. We found here that Pdc2p could transactivate gene
expression and interact with Thi3p, both of which were enhanced
by thiamin starvation. This enhancement of the transactivation
activity was not observed in a thi3 strain. When the C-terminal
region containing the deduced Thi3p-interacting domain was
truncated, Pdc2p expressed striking transactivation activity in
a Thi3p-independent fashion. We explored the hypothesis that
Thi3p causes a conformational change in Pdc2p leading to full
transactivation activity under favorable conditions.
Structured summary:
MINT-6797334, MINT-6797355:
THI3 (uniprotkb:Q07471) physically interacts (MI:0218) with
PDC2 (uniprotkb:P32896) by two hybrid (MI:0018)
MINT-6797316:
THI3 (uniprotkb:Q07471) physically interacts (MI:0218) with
THI2 (uniprotkb:P38141) by two hybrid (MI:0018)
MINT-6797373:
THI3 (uniprotkb:Q07471) binds (MI:0407) to PDC2 (uni-
protkb:P32896) by pull down (MI:0096)
 2008 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
Keywords: Thiamin pyrophosphate; Transcriptional
regulation; PDC2; THI3; Saccharomyces cerevisiae1. Introduction
In Saccharomyces cerevisiae, the expression of genes involved
in the synthesis of thiamin pyrophosphate (TPP) and the utili-
zation of thiamin from the extracellular environment (THI
genes) is coordinately induced at the transcriptional level when
the supply of thiamin is limited, a mechanism called the yeast
THI regulatory system [1,2]. The intracellular signal is TPP,
which downregulates the expression of THI genes under thia-Abbreviation: TPP, thiamin pyrophosphate
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latory factors, Thi2p, Thi3p, and Pdc2p, have been identiﬁed,
i.e., expression of the THI genes is abolished in the absence
of any of these genes. Thi3p and Pdc2p are required for the
induction of allTHI genes under conditions of thiamin depriva-
tion, while the expression of some THI genes is independent of
Thi2p. Thi2p has a Zn2-Cys6 DNA-binding motif in the N-ter-
minus in common with several yeast transcriptional activators
[3], and DNA sequences in the upstream region of several THI
genes have been immunoprecipitated with antibody speciﬁc for
Thi2p [4]. Thi3p is a TPP-binding protein [5] whose sequence is
about 50% identical to that of yeast pyruvate decarboxylase
isozymes (Pdc1p, Pdc5p, and Pdc6p). We have previously dem-
onstrated that THI genes are expressed even under thiamin-re-
plete conditions when the TPP-binding site of Thi3p is
disrupted. It is therefore probable that Thi3p acts as a TPP sen-
sor to exert transcriptional control [5]. In addition, Thi3p ap-
pears to bind with Thi2p and this interaction is partially
diminished by exogenous thiamin, suggesting that Thi2p and
Thi3p stimulate the expression of the THI genes as a complex
whose function is disturbed by TPP bound to Thi3p.
The PDC2 gene is necessary for the expression of not only
THI genes but also pyruvate decarboxylase structural genes
(PDC1 and PDC5) [6]. However, PDC1 is expressed abun-
dantly in a thiamin-independent fashion while the expression
of PDC5 is induced in response to thiamin starvation [7]. It
is also intriguing that Thi3p is not involved in the regulation
of PDC5 in spite of being related to the intracellular level of
TPP [5]. Thus, Pdc2p participates in the processes of transcrip-
tional regulation of the TPP-synthesizing enzymes and TPP-
dependent enzymes. Pdc2p possesses a putative DNA-binding
domain similar to centromere binding protein B [8] and DDE
superfamily endonuclease [9] at the N-terminus. On the other
hand, Raghuram et al. demonstrated using a yeast one-hybrid
system that the transactivation domain exists in the middle of
Pdc2p, which contains a cluster of asparagines [10]. Recently,
Mojzita and Hohmann observed that the increase in THI
mRNAs caused by the overexpression of either PDC2 or
THI2 in a null strain of the other factor diﬀers for diﬀerent tar-
get genes, although both proteins are required for upregulation
under physiological conditions [11]. It seems likely that Pdc2p
acts directly on THI gene promoters, the sequences of which
are diﬀerent from the target sequence of Thi2p.
To gain a deeper insight into the signal transduction path-
way that leads to the induction of THI genes, we examined
the transactivation activity of the three regulatory factors byblished by Elsevier B.V. All rights reserved.
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Pdc2p, and to a lesser extent in Thi2p. We also demonstrated
an association between Thi3p and Pdc2p by a yeast two-hybrid
system. Interestingly, the transactivation of Pdc2p and the
interaction between Thi3p and Pdc2p were both enhanced by
thiamin starvation, while the enhancement of the transactiva-
tion activity was diminished in the absence of Thi3p. When
the C-terminal region containing the deduced Thi3p-interact-
ing domain was truncated, Pdc2p expressed striking transacti-
vation activity in a Thi3p-independent fashion. Furthermore,
in a ﬂuorescence quenching study of a tryptophan residue in
the transactivation domain of Pdc2p, the truncation of the
C-terminal region resulted in an increase in the accessibility
of the quencher. Based on these results, we propose a mecha-
nism for the thiamin-dependent transactivation activity of
Pdc2p.2. Materials and methods
2.1. Strains and media
Escherchia coli strains DH5a and BL21(DE3)pLysS were used to
amplify plasmids and express the recombinant proteins, respectively.
S. cerevisiae strain Y187 (MATa ura3-52 his3-200 ade2-101 trp1-901
leu2-3,112 gal4D met– gal80D URA3::GAL1UAS-GAL1TATA-lacZ,
MEL1) (Clontech) was used for the one- and two-hybrid analyses.
Deletion of the THI3 gene was introduced into Y187 by a PCR-direc-
ted integration method [12] using HIS3 as a selectable marker. The
newly constructed strain (NKC25) was conﬁrmed to be correctly dis-
rupted by restriction mapping of PCR-isolated fragments from the
genomic DNA. Another yeast strain, INVSc1 (MATa/MATa his3-
D1/his3-D1 leu2/leu2 trp1-289/trp1-289 ura3-52/ura3-52) (Invitrogen),
was used to express recombinant Thi3p proteins. Standard media
and growth conditions for yeast cells were as described previously
[5]. Thiamin was added to the yeast minimal medium to a ﬁnal concen-
tration of 1 lM (high-thiamin medium) or 10 nM (low-thiamin med-
ium).
2.2. Plasmids
The TA-cloning vector pGEM T-Easy (Promega) was used to
clone THI2, THI3, and PDC2 isolated from yeast genomic DNA by
PCR using Ex Taq DNA polymerase (Takara, Japan) with speciﬁc
primers. The expression vectors used in this study are listed in Table
1. In general, the coding sequence was PCR-ampliﬁed from the vector
pGEM-THI2, pGEM-THI3, or pGEM-PDC2 using speciﬁc primers
into which restriction sites were designed, and then the fragment ob-
tained was digested with the restriction enzymes and subcloned into
expression vectors. All PCR primers are available on request.
2.3. Yeast one- and two-hybrid assays
The yeast expression vectors pAS2-1 and pACT2 were used to gen-
erate proteins fused with a Gal4p DNA-binding domain and a Gal4p
activating domain, respectively (Table 1). The yeast strain Y187 har-
boring pAS2-1 derivative plasmids with or without pACT2 derivative
plasmids were employed for both yeast one- and two-hybrid assays. To
monitor the expression of the MEL1 reporter gene, a-galactosidase
activity was measured using the supernatant from the yeast cell culture
as the enzyme source and p-nitrophenyl-a-D-galactopyranoside (Naca-
lai Tesque, Japan) as the substrate according to the manufacturers
instructions. One unit of a-galactosidase was deﬁned as the amount
of enzyme that hydrolyzes 1 lmol substrate to p-nitrophenol and D-
galactose in 1 min at 30 C.
2.4. In vitro protein interaction assay
Histidine-tagged Thi3p and Thi3p-N488D were expressed in yeast
cells, puriﬁed, and adsorbed on Ni-NTA agarose resin (Qiagen) as de-
scribed previously [5]. The resin was suspended in solution B (50 mM
Tris–HCl pH 7.5, 100 mM NaCl, 5 mM b-mercaptoethanol,
0.5 mg ml1 BSA, 10% glycerol) containing 20 mM imidazole with
or without 0.1 mM TPP and 1 mM MgCl2 to obtain a 5% slurry.Pdc2p(407–925) was synthesized with Redivue L-[35S]methionine
(1000 Ci mmol1, Amersham Biosciences) in vitro using pTNT-
PDC2(407–925) (Table 1) and TNT T7 Quick Coupled Transcrip-
tion/Translation System (Promega) according to the manufacturers
protocol. The in vitro protein interaction was performed by incubating
200 ll of the 5% agarose slurry retaining Thi3p with 5 ll of in vitro-
synthesized Pdc2p(407–925) at 4 C for 60 min. The resin was collected
and washed four times with 125 ll of solution B containing 40 mM
imidazole with or without 0.1 mM TPP and 1 mMMgCl2. The washed
resin was resuspended in 10 ll of SDS sample buﬀer, heated for 3 min
in boiling water, and run on 10% SDS–polyacrylamide gels. The gels
were dried and exposed to X-OMAT AR ﬁlm (Kodak) at 80 C
for 3 days.
2.5. Puriﬁcation of recombinant proteins
The pRSET B derivative plasmids were transformed into
BL21(DE3)pLysS. The bacterial cells were grown overnight at 37 C
in 5 ml of LB medium containing 50 lg ml1 ampicillin, pelleted,
and grown for 2 h in 100 ml of fresh medium. The cells were further
shaken at 28 C for 2 h with 0.5 mM isopropyl-b-D-thiogalactopyrano-
side to induce expression of the recombinant protein. All subsequent
steps except the elution were done at 4 C. The cells were then pelleted
and resuspended in 10 ml of solution L (50 mM Na2HPO4 pH 7.5,
300 mM NaCl) containing 10 mM imidazole, 1 mM phenylmethylsul-
fonyl ﬂuoride, and 10 ll ml1 Protease Inhibitor Cocktail for Histi-
dine-Tagged Proteins (Sigma), and were sonicated four times in ice-
cold water using a Bioruptor (Cosmo Bio, Tokyo, Japan) at 200 W
for 30 s each with a 120 s interval. Cell debris was removed by centri-
fugation at 10000 · g for 20 min, and the supernatant served as a crude
extract. The crude extract was applied to 1 ml of bed volume of TA-
LON Metal Aﬃnity Resin (Clontech) equilibrated by solution L con-
taining 10 mM imidazole. After being washed with 20 ml of the same
solution, the puriﬁed protein was eluted with solution L containing
125 mM imidazole. Combined eluted fractions (3 ml) were concen-
trated to about 0.5 ml during exchange of the buﬀer to 50 mM Tris–
HCl pH 7.0 by ultraﬁltration using Amicon Ultra 4 (10 kDa cutoﬀ,
Millipore).
2.6. Fluorescence quenching assay
A ﬂuorescence quenching experiment was done by addition of 0.4 ml
of various concentrations of freshly prepared acrylamide solution in
50 mM Tris–HCl pH 7.0 to 0.1 ml of Pdc2p solution (10 lg protein).
N-acetyltryptophanamide (0.65 mM of ﬁnal concentration) was also
analyzed in a similar manner. After 15 min of mixing the reaction mix-
tures well, the ﬂuorescence intensity was measured by a Shimadzu ﬂuo-
rescence spectrophotometer RF-1500. An excitation wavelength at
280 nm was used, and the ﬂuorescence was monitored at 340 nm.
The quenching study was analyzed according to the Stern-Volmer
equation, which is especially applicable to proteins containing a sole
tryptophan residue [13],
F 0=F ¼ 1þ KSV ½Q
where F0 is the ﬂuorescence intensity in the absence of a quencher, F is
the ﬂuorescence intensity at molar quencher concentration [Q], and
KSV is the collisional quenching constant, which is experimentally ob-
tained from the slope of a plot of F0/F versus [Q]. Line ﬁtting was per-
formed with KaleidaGraph (Synergy Software, Reading, PA).3. Results
3.1. Transactivation activity of THI regulatory factors
To compare the intrinsic transactivation activity of regula-
tory factors in yeast THI regulatory system (Thi2p, Thi3p,
and Pdc2p), we analyzed regulatory factor-mediated transcrip-
tional activation using a yeast one-hybrid system. The THI2,
THI3, and PDC2 genes were fused to the yeast GAL4 DNA-
binding domain in the plasmid pAS2-1, and the resultant plas-
mids were introduced into S. cerevisiae strain Y187. The cells
were then grown in minimal medium containing 1 lM (high)
or 1 nM (low) thiamin and were tested for the expression of
Table 1
Expression vectors used in this study.
Plasmid Description Source
pAS2-1 Vector for one- and two-hybrid assay, GAL4 DNA-binding domain, ADH1 promoter, 2 l origin, TRP1 Clontech
pAS2-THI3 THI3 in pAS2-1 [5]
pAS2-THI3-N488D THI3-N488D coding mutant Thi3p lacking TPP-binding activity in pAS2-1 [5]
pAS2-THI2 THI2 in pAS2-1 This study
pAS2-PDC2 PDC2 in pAS2-1 This study
pAS2-truncatedPDC2 Truncated amino acids region of PDC2 in pAS2-1, a total of eight plasmids as in Fig. 4 This study
pACT2 Vector for two-hybrid assay, GAL4 activating domain, ADH1 promoter, 2 l origin, LEU2 Clontech
pACT2-THI2 THI2 in pACT2 [5]
pACT2-PDC2 PDC2 in pACT2 This study
pACT2-truncatedPDC2 Truncated amino acids region of PDC2 in pACT2, a total of eight plasmids as in Fig. 4 This study
pYES2/NT B Yeast expression vector, GAL1 promoter, 2 l origin, URA3 Invitrogen
pYES2/NT-THI3 THI3 with a six histidine-tag at N-terminus in pYES2/NT B [5]
pYES2/NT-THI3-N488D THI3-N488D with a six histidine-tag at N-terminus in pYES2/NT B [5]
pTNT Vector for in vitro transcription, T7/SP6 promoter, T7 terminator, Poly(A)30 tail Promega
pTNT-PDC2(407–925) 407–925 amino acids region of PDC2 in pTNT This study
pRSET B Bacterial expression vector, T7 promoter, ampr, pUC origin Invitrogen
pRSET-PDC2(407–581) 407–581 amino acids region of PDC2 with a six histidine-tag at N-terminus in pRSET B This study
pRSET-PDC2(407–925) 407–925 amino acids region of PDC2 with a six histidine-tag at N-terminus in pRSET B This study
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tosidase activity was observed in yeast cells harboring pAS2-
PDC2 and to a lesser extent in those carrying pAS2-THI2,
especially when the cells were grown in low-thiamin medium.
In contrast, pAS-THI3 only had a marginal eﬀect on a-galac-
tosidase activity. These results indicate that Thi2p and Pdc2p,
but not Thi3p, serve as transcriptional activators. Since the re-
porter activities mediated by pAS-THI2 and pAS-PDC2 were
reduced by approximately 60% when the cells were grown in
high-thiamin medium, it is likely that the transcriptional acti-
vation by Thi2p or Pdc2p is sensitive to the intracellular
TPP concentration as well as the expression of THI genes
[5]. Next, we disrupted the THI3 gene, which encodes a
TPP-sensor protein, in Y187 and determined the a-galactosi-
dase activity of the resultant strain after transformation with
pAS-THI2 and pAS-PDC2. As shown in Fig. 1, neither of in-
creases in the transactivation activities of Thi2p and Pdc2p
caused by low-thiamin concentration in the medium were ob-
served in the thi3D mutant cells, indicating that Thi3p is re-
quired for Thi2p and Pdc2p to exert full transactivation
activity in response to thiamin starvation.Fig. 1. Transactivation activity in a yeast one-hybrid analysis. Yeast
cells, Y187 (wild-type) or NKC25 (thi3D), harboring the Gal4p DNA-
binding domain vectors (pAS2-1 derivative) were grown in 0.5 ml of
high-thiamin (solid bar) or low-thiamin (open bar) medium to an
OD600 of around 0.8, pelleted, and grown for 2 days in 5 ml of the
same medium. The supernatant of the cell culture was used for the
enzyme assay. a-Galactosidase activity was calculated as a-galactosi-
dase units per supernatant (ml) from the cell culture (OD600). Data are
shown as the mean of two independent experiments.3.2. Interaction of Pdc2p with Thi3p
The ﬁnding that the transactivation activity of Thi2p and
Pdc2p is upregulated by Thi3p raises the possibility that Pdc2p
also interacts with Thi3p. To test this, a yeast two-hybrid sys-
tem was used for in vivo experiments. The THI2 and PDC2
genes were fused to the GAL4 activating domain in the pACT2
plasmid. The yeast Y187 strain harboring one of the pAS2-1
derivatives was transformed with pACT2, pACT2-THI2, or
pACT2-PDC2. As shown in Fig. 2, the transformants contain-
ing both pAS-THI3 and pACT-PDC2 plasmids expressed
much higher a-galactosidase activity than the other transfor-
mants tested, when the cells were grown in low-thiamin med-
ium. Although this reporter activity may be in part caused
by the intrinsic transactivation activity of Pdc2p, the interac-
tion of Thi3p with Pdc2p was about 10 times stronger than
that with Thi2p, and was more sensitive to the inhibitory eﬀect
of thiamin in the medium. On the other hand, Thi3p-N488D, a
mutant Thi3p lacking TPP-binding activity [5], appeared to
bind Pdc2p equivalently regardless of the thiamin concentra-
tion of the medium, suggesting that the interaction between
Thi3p and Pdc2p is disturbed by TPP bound to Thi3p. We also
examined the interaction between Thi2p and Pdc2p by a two-
hybrid system. The reporter activity of the Y187 strain harbor-
ing pAS-THI2 was barely increased by the additional plasmidFig. 2. Protein interaction in a yeast two-hybrid analysis. Yeast cells,
Y187, harboring the Gal4p DNA-binding vector (pAS2-1 derivative)
and the Gal4p activating vector (pACT2 derivative) were grown and a-
galactosidase activity was determined as described in the legend of
Fig. 1. Data are shown as the mean of two independent experiments.
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with Thi2p directly. We cannot rule out the possibility that a
ternary protein complex forms on the upstream sequence of
one or more of the THI genes.
The genetic interaction between Thi3p and Pdc2p was then
conﬁrmed using an in vitro pull down assay. Both Thi3p
and Thi3p-N488D proteins were expressed in yeast cells as his-
tidine-tagged proteins. Since full-length Pdc2p was not de-
tected during autoradiography with an in vitro translation
reagent and the N-terminal 406 amino acids that contain the
putative DNA-binding domains appeared not to be involved
in the interaction with Thi3p, 35S-labeled Pdc2p(407–925)
was prepared and absorbed to the above histidine-tagged pro-
teins immobilized on Ni-NTA agarose resin. Following exten-
sive washing, the bound protein was eluted and analyzed by
SDS-PAGE and autoradiography. As shown in Fig. 3, both
histidine-tagged Thi3p and Thi3p-N488D bound to
Pdc2p(407–925) in vitro. However, the TPP and Mg2+ con-
tained in the incubation and washing solution diminished the
interaction of Pdc2p(407–925) with wild-type Thi3p, but not
with Thi3p-N488D. These results indicate that Thi3p associ-
ates with Pdc2p directly and that the intracellular level of
TPP aﬀects this interaction.
3.3. Functional domain analysis of Pdc2p
Since it was shown that Pdc2p has higher transactivation
and Thi3p-interaction activity than Thi2p, we next intended
to map the transactivation domain and the Thi3p-interacting
domain in Pdc2p. We constructed plasmids to produce trun-
cated Pdc2p with a Gal4p DNA-binding domain or a Gal4p
activating domain and used them in yeast one- and two-hybrid
analyses as above. As expected from the presumed amino acids
sequence, the N-terminal 406 amino acids was not involved inFig. 3. Direct association of Pdc2p and Thi3p. In vitro-translated 35S-
labeled Pdc2p(407–925) was incubated with histidine-tagged Thi3p or
Thi3p-N488D bound to Ni-NTA agarose, or with Ni-NTA agarose in
the absence of protein. After extensive washing, bound proteins were
fractionated by SDS-PAGE and visualized by autoradiography. TPP
and Mg2+ were present (+) or absent () in the incubation and
washing solutions. The left lane shows 10% of the input radiolabeled
protein, and the arrow indicates the location of Pdc2p(407–925).the transactivation activity or the interaction with Thi3p
(Fig. 4). In the two-hybrid analysis, the elimination of amino
acids 737–889 from Pdc2p(407–889) led to the abolition of
the a-galactosidase activity. Thus, the 737–889 amino acids re-
gion in which eight consecutive alanine residues are present is
necessary for Pdc2p to interact with Thi3p. However, this re-
gion alone may not be suﬃcient for the interaction with Thi3p,
because Thi3p interacted with Pdc2p(407–889) more intensely
than with Pdc2p(561–889) or Pdc2p(668–889). On the other
hand, it became evident from the one-hybrid analysis that
the region from amino acids 407–581 of Pdc2p is responsible
for the transactivation activity. This deduced transactivation
domain of Pdc2p contains an asparagine-rich sequence sugges-
tive of protein-protein interactions [3]. Interestingly,
Pdc2p(407–581) showed striking reporter activity in the ab-
sence of Thi3p, which was not aﬀected by high-thiamin con-
centration in the medium (data not shown). These results
suggested that Pdc2p becomes capable of exerting full transac-
tivation activity in a Thi3p- or thiamin-independent fashion by
eliminating the C-terminal 344 amino acids, in which the
Thi3p-interacting domain of Pdc2p is located.3.4. Fluorescence quenching study of Pdc2p
Although the target DNA sequence of Pdc2p has not been
identiﬁed, it is most likely that Pdc2p binds the upstream acti-
vation sequence of THI genes and recruits additional proteins,
e.g. general transcription factors, through the transactivation
domain [14]. From the results obtained by the yeast one- and
two-hybrid studies, it is assumed that, in the absence of Thi3p,
the C-terminal domain of Pdc2p masks the transactivation do-
main, which in turn prevents contact between Pdc2p and other
proteins. We therefore undertook a ﬂuorescence quenching
study [13] to investigate the conformational change of the
transactivation domain induced by removal of the C-terminal
domain. There exist 16 tryptophan residues in full-length
Pdc2p, but 15 residues are located in the N-terminal 406 amino
acids region, and the last residue is located in the transactiva-
tion domain. The localization of the single tryptophan, Trp-
450, in Pdc2p(407–581) and Pdc2p(407–925) allows us to com-
pare the solvent accessibility of their transactivation domains
by evaluating the ﬂuorescence quenching eﬀect of acrylamide.
The recombinant Pdc2p(407–581) and Pdc2p(407–925) pro-
teins were expressed and puriﬁed as histidine-tagged proteins
from E. coli cells (Fig. 5A), and the ﬂuorescence intensity of
these proteins was measured with increasing concentrations
of acrylamide. We also measured the ﬂuorescence intensity
of N-acetyltryptophanamide, a model compound for a fully
solvent exposed tryptophan residues. As shown in Fig. 5B,
the ﬂuorescence intensity of all of them was attenuated, and
the KSV of N-acetyltryptophanamide, Pdc2p(407–581), and
Pdc2p(407–925) was 12.1 M1, 6.76 M1, and 4.61 M1,
respectively. These values represent the accessibility of acryl-
amide to the tryptophan residue as a ﬂuorescence chromo-
phore [13], and predictably, N-acetyltryptophanamide had
the highest value of KSV. On the other hand, the values of
the Pdc2p proteins were lower than that of N-acetyltryptoph-
anamide, suggesting that the polypeptide chain prevented
quenching by acrylamide. However, it was shown that the re-
moval of the C-terminal domain from Pdc2p(407–925) makes
Trp-450 more accessible to solvent, since Pdc2p(407–581)
had a higher KSV value than that of Pdc2p(407–925).
Fig. 4. Transactivation activity and interaction with Thi3p of truncated Pdc2p proteins. Yeast strains, Y187 (wild-type) or NKC25 (thi3D),
harboring pAS2-1 derivative encoding truncated Pdc2p fused with the Gal4p DNA-binding domain were used in a one-hybrid analysis, and Y187
harboring pAS2-THI3 and pACT2 derivative encoding truncated Pdc2p fused with the Gal4p activating domain was used in a two-hybrid analysis.
Cells were grown in 0.5 ml of low-thiamin medium to an OD600 of around 0.8, pelleted, and grown for 2 days in 5 ml of the same medium. Notable
exceptions were that the Y187 cells harboring pAS2-Pdc2p(407–581) were grown for 4 days because of their signiﬁcantly retarded growth, and the
cells harboring pAS2-Pdc2p(407–736) hardly grew in either agar or liquid media. Each data point is the mean from two independent experiments.
Abbreviations used in a schematic illustration of structure of Pdc2p: DBP, presumed DNA-binding domain similar to centromere binding protein B;
DDE, DDE superfamily endonuclease domain; N, asparagine-rich region; A, eight consecutive alanine residues. Abbreviation ‘‘nd’’ is ‘‘not
determined’’.
Fig. 5. Fluorescence quenching study of truncated Pdc2p proteins. (A) SDS–PAGE analysis of the puriﬁed proteins. Puriﬁed fractions (2 lg of
protein) of histidine-tagged Pdc2p(407–581) (lane 1) and Pdc2p(407–925) (lane 2) were analyzed using 10% SDS–PAGE followed by Coomassie blue
staining. Lane 3 shows the molecular standard proteins (Bio-Rad). (B) Stern-Volmer plots for tryptophan ﬂuorescence quenching by acrylamide.
Symbols indicate the following proteins or compound: closed circle, Pdc2p(407–925); open circle, Pdc2p(407–581); closed diamond, N-
acetyltryptophanamide.
K. Nosaka et al. / FEBS Letters 582 (2008) 3991–3996 39954. Discussion
Based on these observations, we proposed a mechanism for
the transcriptional activation of THI genes mediated by Pdc2p
and Thi3p in response to thiamin starvation as follows. When
intracellular TPP is abundant and occupies the TPP-binding
sites of Thi3p, the C-terminal domain of Pdc2p masks the
transactivation domain; thus, Pdc2p can not easily make con-
tact with general transcription factors. Upon thiamin starva-
tion, the dissociation of TPP from Thi3p is followed by the
interaction of Thi3p with the C-terminal domain of Pdc2p,
which in turn causes a conformational change in Pdc2p. As
a result, the C-terminal domain is removed from the transacti-
vation domain; thus, Pdc2p can exert full transactivation activ-
ity by recruiting general transcription factors eﬃciently. To
check our proposed mechanism, crystal structure analyses of
Pdc2p and Thi3p are needed.Pdc2p was initially identiﬁed as a positive regulatory factor for
the expression of pyruvate decarboxylase genes, PDC1 and
PDC5 [6]. However, steady-state mRNAs of PDC1 and PDC5
are expressed as extensively in a thi3 mutant strain as in the
wild-type strain, although PDC5, but not PDC1, is induced by
about 50-fold in response to thiamin starvation [5]. Thus, Thi3p
is not required for the expression of either structural gene in spite
of them being dependent on Pdc2p for their expression. There
may exist another positive regulatory factors in the upstream re-
gion of the two genes that renders the transactivation domain of
Pdc2p more accessible to general transcription factors. Another
possibility could be that the basal transactivation activity of
Pdc2p is suﬃcient for the full expression of these genes.Acknowledgement: This work was supported in part by Grants-in-Aid
for Scientiﬁc Research 18580095 from the Japan Society for the Pro-
motion of Science.
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